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Method and apparatus for producing sized paper or board. 

The invention relates to a method according to the preamble of claim 1 for making 
sized paper or paperboard. In this kind of product, the goal is to improve the web 
strength by internal sizing of the web or by subjecting the web to surface sizing. 
Generally, a major portion of the size is starch, and sizing can substantially improve 
such qualities as the surface strength of the sized web, reduce its dusting propensity 
and increase its flexural stiffness. 

The invention also relates to an assembly suited for implementing the method. 

In the treatment of fine paper grades sizing forms an important step in the 
manufacture, like in manufacture of the liner web of corrugated board and fluting, by 
substantially controlling the strength properties of the finished product. Generally, 
size has been applied to the web surfaces and, with the increasing interest to the 
manufacture of multilayer products, also to the middle layers of the product in the 
core thereof. In fine printing papers, the function of size is to improve the imprinting 
qualities of the paper web surface by virtue of giving the product a higher surface 
strength for better durability under the stresses of a printing process and reduced 
dusting propensity when used in a copier machine, for instance. Different kinds of 
starch are generally used as size, complemented with a variety of additives. 
However, since the present invention is not limited to any particular size 
composition, size must be understood in this context to refer to all compositions that 
are at least partially absorbable in the base web to be treated and serve to improve the 
strength of the base web. 

Size is conventionally applied to the web as a dilute low-solids aqueous furnish. 
A major complication in the efficiency improvement of machines used for making 
fine papers and paperboard appears to be the drainage capacity of water transported 
into the web along with the size furnish. Furthermore, the drying of the formed web 
into an end product suited for making paper or paperboard requires a substantial 
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portion in the overall energy budget of a paper mill. Inasmuch only a limited amount 
of water can be removed from a moving web by a single dryer, the number of 
successive dryer units must be increased in proportion to the elevated web speed. 
The larger number of drying equipment, such as dryer cylinders for instance, 

5 drastically increases the length of the papermaking machine and, in particular, its 
price, whereby the acquisition of a new high-speed line for making paperboard or 
fine paper grades may rise so high that an investment decisions becomes futile. On 
the other hand, the web speed of existing machinery is limited by the available 
drying capacity that curtails the maximum running speed and, hence, the potential 

10 production capacity. 

It is an object of the present invention to provide a method capable of reducing the 
drying capacity required in the manufacture of sized paper or paperboard thus 
making it possible to force down the investment costs and at the same time reduce 
15 the length of the papermaking line. 

The goal of the invention is achieved by way of applying the size to the web in plural 
steps so that advantageously at least a portion of the overall amount of size is appUed 
to the intermediate plies of a web formed by a multi-ply headbox, at least a portion to 
the surface of the web on the press section and at least a portion downstream of the 
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press section. 

According to a preferred embodiment of the invention, the web porosity is controlled 
to a desired value by setting the draw between the press section and the dryer section 
of the machine such that the desired porosity of the web is attained. 

According to another preferred embodiment of the invention, a high-solids size 
furnish is used for sizing the web downstream of the press section. 

More specifically, the method according to the invention is characterized by what is 
stated in the characterizing part of claim 1 . 
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Furthermore, the assembly according to the invention is characterized by what is 
stated in the characterizing part of claim 9. 

The invention offers significant benefits. 

5 

The invention makes it possible to significantly reduce the length of new machinery 
constructions used for making paper and paperboard. Such reduction in the machine 
length and number of machine components gives substantial savings in the invest- 
ment costs. Since a major portion of the size is applied to the web in the headbox or 

10 on the press section, and the size application downstream of the press section takes 
place using size furnishes having a solids content higher than those used in conven- 
tional size furnishes, the amount of water imported to the web after the press section 
is smaller and, hence, the need for postdrying is substantially reduced as compared 
with size application methods wherein sizing takes place only downstream of the 

15 press section. By virtue of the invention, it is feasible to obtain a length reduction as 
high as 75 % in the dryer section following the last size application step in the 
machinery. As the need for postdrying capacity per produced unit is reduced, also the 
competitiveness of end products on the market is increased. Size furnish applied in 
the headbox and on the press section does not bring much additional water to the web 

20 that still at this stage has a high moisture content and, moreover, the introduced extra 
water is anyhow removed on the press section. The appUcation step perfonned on the 
press section may be implemented in conjunction with a shoe press that impregnates 
the web more efficiently with the size by the same token as it removes water from 
the web. 

25 

Size may be applied directly to the web surface and, if required, sufficient penetra- 
tion of size into the web may be ensured with the help of a roll, an extended-nip 
press roll or a belt press. This kind of arrangement is substantially less complicated 
than a full-size film-transfer press. As the equipment required for the implementation 
30 of the present invention are simple and occupy a small footprint when adapted in 
existing machinery, an approach is provided for improving the production capacity 
of operational machinery at a minimal investment cost. Moreover, the technique of 
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applying size directly to the web disposes with the need for actual applicator 
equipment thus allowing the size to be applied directly from the size cooker without 
the need for machine circulation thereof. This provides substantial savings inasmuch 
the size pumps, containers, piping and air separators/strainers conventionally 
required in recirculation become redundant. A further benefit is that size temperature 
can be elevated, whereby its viscosity is lower, penetration power is improved and 
the risk of size degradation is reduced owing to the high temperature of the size and 
the lack of a recirculation system. 

An important feature of the present invention is its capability of combining the con- 
trol of surface porosity with sizing. Web porosity can be effected vigorously by con- 
trolling the speed difference between the press section and the dryer section. Conven- 
tionally, the dryer section is driven at a speed about 3 % higher than that of the press 
section, whereby the draw applied to the web keeps it tight and under control. If a 
smaller draw is used, also the web porosity becomes smaller while a higher draw 
increases the porosity of the web. As the web bemg treated still has a very high mois- 
ture content after the press section, deformations caused thereon by the draw remam 
permanent. Since the porosity of the web surfece obviously affects quite many of the 
surface parameters, draw can be utilized to optimize the surface quality to meet the 
specifications set for the end product In addition to its effect on the surface quality, 
changes in web porosity also contribute to the absorption of size in the web. While it 
is still unclear, whether the higher porosity improves the penetration of size into the 
web or decreases penetration due to reduced capillary effect, the draw required in the 
papermaking process to obtain optimal results end can be found experimentally. 



In the following, the invention will be examined in more detail by making reference 

to the appended drawings, wherein 

FIG. 1 shows an embodiment of the invention in a production line for the manu- 
30 facture of paper or paperboard; and 



FIG: 2 shows a grapn 



illustrating tlie effect of draw between the press section and the 



3NSDCCID: <WO 03004769A1 Jj> 



wo 03/004769 



PCT/F102/00578 



5 

dryer section on the porosity of the base web. 

In FIG. 1 is shown a production line for the manufacture of paper or paperboard. The 
manufacture of the product starts from a headbox 1 that in the illustrated case is a 
5 multilayer headbox 1 . At the headbox, the web is formed by spreading from the 
headbox jet nozzles fiber furnish of high water content into a gap between two 
parallel-running wires. In addition to water and fiber, the fiber furnish may also 
contain plural other components such as mineral fillers, for instance. From headbox 1 
the web is passed to a press section 5 comprising a plurality of roll nips by means of 

10 which the fiber furnish forming the web is pressed between wires and felts, whereby 
water is drained from the furnish so that the formation of a more consistent web 
begins. Conventionally, the press section includes at least some extended-nip presses 
that offer high water drainage capability and controllability. Downstream of press 
section 5 the web is passed to a dryer section, wherein the web is dried at an elevated 

15 temperature. Among other components, the dryer section comprises cylinder groups 
incorporating beatable cylinders and vacuum cylinders cooperating with wires and 
felts that guide the web travel. Downstream of the dryer section is situated a surface 
size applicator 4, followed by a dryer cylinder group 7 for drying the applied size. 
The last section in the machinery is a winder with other necessary roll finishing 

20 equipment. 

The above description only serves to give a notion on the general layout of a modem 
production line used in the manufecture of paper or paperboard. The structure of the 
headbox, press section, dryer section and other equipment varies by the equipment 

25 manufacturer and machine construction, but the details of this machinery are not 

crucial to the implementation of present invention. The only precondition in regard to 
the invention is that the order of equipment is as described above and that the 
moisture content of the web decreases downsu-eam as the web passes the production 
line. An especially noteworthy observation to be made is that the interface between 

30 the press section and the dryer section divides the papermaking machine into a wet 
web portion and a dry web portion. Within the wet web portion, the strength of the 
web is very low and the fiber thereof saturated witla water, whereby any deforma- 
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tions remain permanent and the web must be supported to avoid web breaks. When 
drying on the dryer section, the web assumes a dry state, whereby the fiber moisture 
content decreases and deformations cannot anymore be effected without high temp- 
erature and pressure. Herein, the web is also more durable under changes in the 
tensile stress and, hence, does not need continuous support by a wire, felt or belts. 

The present invention is particularly advantageously implemented in paper and 
paperboard machines, wherein the web is formed in a layered fashion by means of a 
multilayer headbox. In this kind of headbox, the stock is fed into a gap between 
opposedly running wires from a nozzle assembly that further is divided into multiple 
layers by horizontal partitions. The fiber furnishes forming the different layers are 
delivered via the layered nozzles. Typically, a multilayer headbox has three or two 
nozzle layers that form a respective number of layers. A multilayer headbox is 
described in publication Papermaking Science and Technology, Book 8, page 217. A 
benefit of the multilayer headbox is that it allows the different layers of the web to be 
made from furnishes of different qualities, whereby it is substantially easier to 
optimize the base web properties as compared to web formation from a single kind of 
stock. In conjunction with the present invention, size can be added to at least one of 
the layers in order to improve the web strength. Size is herein preferably added to the 
middle layer inasmuch sizing of the surface layers may be readily performed in the 
later stages of the production line. In a two- or three-layer headbox, size is most 
advantageously mixed into the fiimish of the bottom layer, because size application 
to the top side of the web is easy to implement later downstream along the produc- 
tion line. 

According to the invention, size is applied to the web surface on the press section of 
the machine by an applicator apparatus 2. Herein, the applicator apparatus 2 is 
located to operate in conjunction with the latter press of the press section so as to 
apply size to the underside of the web. At this stage, the size may have a high solids 
content, because the water drainage effected by the press also removes from the web 
the water imported with the size. On the travel of the web through the press section it 
must be noted that, since water drainage should not be performed from the sized side 
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of the web, the porous felt or wire through which water drainage takes place must be 
arranged to run in the press on the opposite side of the web relative to the sized sur- 
face in order to accomplish water removal from the untreated side. Size application is 
advantageously performed using, e.g., a spray applicator apparatus or a MIKROJET 
5 applicator, but in principle also other application methods such as a size press could 
be contemplated with the penalty of high cost and large footprint requirement of the 
size press as compared to the prefeired equipment mentioned above. The construc- 
tion of a MIKROJET applicator is described in patent publication WO 01/02098 and 
it comprises a plate with a great number of small holes through which the agent to be 

10 applied is delivered. This apparatus performs uniform application in the cross- 
machine direction and can be used for controlled application of vexy small amounts 
of size or other web treatment agent. As the support element of the apparatus to be 
mounted in immediate vicinity of the web is only a narrow beam, the MIKROJET 
applicator may readily be adapted in a desired position, e.g., on the press section of 

15 the papermaking machine. However, the applicator apparatus is most advantageously 
placed on the press section at least prior to the last press nip in order to avail of the 
water drainage taking place on the press section. 

At this stage, size has been applied to the web in two steps: in the headbox and on the 
20 press section. As a result, the web contains size in its middle layer, and on one side of 
the web that in the exemplifying embodiment is the underside of the web: In order to 
make the web qualities at least substantially symmetrical, also the top side of the web 
must be sized. This step is arranged to occur downstream of dryer group 6. Herein, 
size is applied to the web at a substantially higher solids content than in prior-art 
25 methods so that the solids are about 15 to 40 %. Depending cn the size preparation 
technique, even higher solids may be applied with the provision that the viscosity of 
the size flimish does not become excessively high and the size furnish still can be 
passed through the applicator equipment. In practice, however, concurrent size 
preparation equipment can be used only for making furnishes of less than 40 % 
30 solids. Due to the high solids content, the thickness of size layer applied to the web 
must be thin if it is not desirable to have a high amount of solids applied to the web. 
The size layer must funher be made thin to keep the size weight low and to minimize 
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the amount of water transported to the base web. According a preferred feature of the 
present invention, the amount of size applied to the web should not be greater than 
5 g/m^ as aqueous furnish of size applied to the web. 

5 The applicator apparatuses suited for use in the invention are the above-mentioned 
spray and MIKROJET applicators, and, in the present case even more favorably, a 
film-transfer applicator, since this section of the paperraaking machine has more free 
space than the press section for adapting an applicator thereto. A benefit of a film- 
transfer applicator is its field-proven functionality and controllability. Still, it may be 

10 problematic to achieve good penetration of high solids size into the base web except 
when the fiimish is prepared rich with water. Hence, after the applicator apparatus is 
located a press roll nip that ensures penetration of size into the base web. The roll nip 
may be simply a group of two press roll nips or a single extended-nip press. 
However, if a film-transfer press is used, the press roll nip may be redundant. By 

15 modifying the retention time between size application and the instant of pressing, it 
is possible to affect size penetration and smoothness of the applied size layer on the 
opposite sides of the web. 

Since a major portion of the size is akeady mtroduced into the web at an earlier state 
and the solids in the size applied in the latter stage is high, the amount of water im- 
ported to the web remains small, whereby it is sufficient to complement the last step 
of size appUcation with minor drying that can be earned out using, e.g., a dryer group 
7 comprising only a few beatable cylinders. On the other hand, it may be contemplat- 
ed that size application taking place at surface size applicator 4 is adapted to occur in 
the middle of the dryer section, whereby the dryer cylinder group downstream of size 
applicator 4 is incorporated in the dryer section. 

Size penetration and web porosity are essentially affected by the running speed dif- 
ference between the press section and the dryer section. As already mentioned above, 
30 the moisture content of the web at this stage is still rather high at about 60 %. where- 
by the web and its fibers are readily workable and the deformations thereof are per- 
manent. Conveniionaiiy the dryer seciion has been mn at a slightly higher speed than 
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the press section to ensure good adherence of the web on the rolls and secure unprob- 
lematic run of the web in the machine. With the help of modem machine control 
systems and web guidance arrangements, the web can be run at a smaller draw than 
prior papermaking machines. In fact, it has been found that size penetration and the 
5 end product quality may be varied by controlling the draw between the press section 
and the dryer section. In addition to affecting other web surface properties, the 
porosity of the web surface controls size penetration into the base web. Hence, draw 
control may be utilized as a means to control size penetration and the properties of 
the end product. Inasmuch it is still unknown how a change in web porosity affects 
10 the end product quality and size penetration therein, a suitable value of draw must be 
foimd by experimental techniques. 

FIG, 2 shows changes in web porosity in a graph illustrating air permeability as a 
function of draw. As can be seen from the graph, web porosity stays close to the 
15 basic value of web porosity as formed on the press section until a draw of about 
1 .5 % is attained, whereupon porosity begins to increase. The rate of porosity 
increase is accelerated at draws exceeding 2.5 %. The upper limit of usable draw and, 
hence, the maximum attainable porosity is set by the ultimate strength of the base 
web, 

20 

In addition to those described abpve, the present invention may have alternative 
embodiments. 

In principle, the headbox may be adapted to mix size to any of the layers formed in 
25 the web. Since the web surface layers can be sized also at later stages, size addition 
in the middle layer of the web is most advantageously performed at the headbox. 
Size may be added in a single-layer headbox, too. The advantage of increasing base 
web strength by size must be weighed as the price ratio of starch or other size to fiber 
stock. The solids content of size furnish may be kept very low at the headbox and the 
30 press section since the water content of the web at these points is very high, whereby 
additional water from the size furnish does not significantly affect the operation of 
the press section. However, an imponant detail to be noted in size application 
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downstream of the dryer section is that, at this stage, a major portion of size has 
already been applied to the web and, hence, the solids content of size being applied 
later can be high. If so desired, the final size application may be divided into multiple 
steps wherein size is applied in several layers. 

In addition to or in lieu of the dryer cylinder groups mentioned above, it is possible 
particularly ajfter the last size application step to use, e.g., noncontact type dryers. 
Furthermore, to a person skilled in the art it is obvious that the invention is not 
limited to the manufacture of finished paperboard or paper products only, but the 
web treated according to the invention may further be coated or calendered as 
necessary using on-line tai off-line equipment. 
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What is claimed is: 

1. A method for manufacturing a sized web of paper or paperboard, the method 
comprising the steps of 
5 - forming the web at a headbox (1) from a stock comprising at least water and 

fiber, 

- pressing the web for water drainage, 

- drying the web by heating, and 

- adding size furnish to the web in at least one stage, 

10 

characterized in that 

- adding at least a portion of the overall amount of size to the web prior to 
initiating the drying of the web by heating, and 

15 - applying at least a portion of the overall amount of size to the web surface 

after initiating the drying of the web. 

2. The method of claim 1, characterized in that at least a portion of the size is added 
to the web by mixing the size in the stock in the headbox (1) and at least a portion of 

20 the size is applied to the web by pressing during the drying step of the web. 

3. The method of claim 2, characterized in that 

- a three-layer headbox (12) is used for web formation and size is added to the 
middle layer of the web, 

25 • size is applied to one side of the web during pressing prior to taking the web 

to the last press nip, 

- water drainage is adapted to take place on the unsized side of the web, and 

- size is added to the untreated side of the web after drying the web by 
heating and then the excess moisture content imported by the applied size is 

30 removed. 

4. The method of any one of foregoing claims, characterized in that the last size 
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application step (4) is carried out using a size fijmish having a solids content of 1 5 to 
40 % and the amount of size applied to the web is not greater than 5 g/m' as aqueous 
furnish of size applied to the web. 

5. The method of any one of foregoing claims, characterized in that the web porosity 
is adjusted to a desired value by controlling draw between the drying step performed 
on the press section and the drying step performed on the dryer section. 

6. The method of claim 5. characterized in thai draw is adjusted to a value of 0 % to 
1 .5 % in order to attain low porosity, to 1 .5 % to 2.5 % for increased porosity and to 
a value greater than 2.5 % for highly increased porosity. 

7. TTie method of any one of foregoing claims, characterized in that size is applied to 
the web surface by means of a spray or MKROJET applicator on the press section. 

8. nie method of any one of foregoing claims, characterized in that size is applied to 
the web by means of a spray. MIKROJET or film-transfer appUcator after the drying 

Step by heating is initiated. 



20 9. An 



assembly for manufacturing a sized web of paper or paperboard, the assembly 



comprising 

. a headbox (1) forming the web ftom a stock comprising at least water and 

fiber, 

- a press section (5) for draining water away from the web, 

- a dryer section (6) for drying the web by heating, and 

- means (2, 4) for adding size furnish to the web in at least one stage, 

characterized by 

- means (2) for adding size to the web prior to the entry of the web to the first 
stage of the dryer section (6), and 

- means (4) for applying size lo the web surface after the first stage of the 
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dryer section (6). 

10. The assembly of claim 9, characterized by a multilayer headbox, wherein size 
can be added to at least one stock layer of a web. 

5 

1 1 . The assembly of claim 9 or 10, characterized by at least one size applicator 
adapted to operate on the press section (5) prior to the last nip of the press section. 

12. The assembly of claim 1 1 , characterized in that the size applicator is a spray 
10 applicator or a MIKROJET applicator. 

13. The assembly of any one of claims 9-12, characterized by a size applicator 
means (4) adapted to operate downstream of the dryer section (6), the applicator 
means comprising a size applicator and at least one nip for pressing the applied size . 

15 into the pores of the web. 

1 4. The assembly of claim 1 3, characterized in that the size applicator means is a 
spray applicator or a MIKROJET applicator. 

20 15. The assembly of any one of claims 9-12, characterized in that the size applica- 
tor means (4) adapted to operate downstream of the dryer section (6) is a film- 
transfer applicator. 
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